INTRODUCTION
Antimycin A has been reported to stimulate the rate of photosynthesis of isolated'spinach chloroplasts, as measured by the rate of co 2 fixation, 0 2 evolution, and Pi esterification in the presence of bicarbonate (1-4). Identification of the site of action of this stimulation and determination of the mechanism of stimulation could aid in the general understanding of the control of the photosynthetic metabolism.
The action of Antimycin A as an inhibitor and uncoupler of photoelectron transport and phosphorylation in chloroplast fragments has been previously reported (5-11). Several observations have led to proposals that Antimycin A stimulates the rate of co 2 fixation in intact chloroplasts by stimulating the transport or activation of co 2 or bicarbonate for the carboxylation step (3, 4).
The effects of Antimycin A addition on the levels of labeled metabolites formed during photosynthesis by isolated, whole spinach chloroplasts are examined in this report. Also, the effects of Antimycin A on the transport of metabolites from the chloroplasts are fo 11 owed to determine if any changes in transport cou 1 d be re 1 a ted to the stimulatory effects of antimycin A. The results of these experiments suggest that Antimycin A affects three metabolic sites: namely, the' conversir~ ·of fructose-1,6-diphospha te and sedoheptul ose-1 ,7-di phosphate to their respect; ve monophosphates, and the carboxYlation of ribu1ose-l,5"-diphosphate to give 3-pllosphoglycerate. The increase in the rate of photosynthesis appears to be due to stimulation of RuDP carboxylase and not tQ eithe~ increased co 2 l~vel or RuDP level within the chloroplasts.
The results of these studies suggest that~the presence of. added Antimycin A does not increase the .level of co 2 in the chloroplasts, nor does it stimulate C0 2 fixation by increasing the level ~f the carboxylation substrate, rib~lose-1,5-diphosphate (RuDP). Rather, it appears that Antimycin A may increase co 2 fixation rate by stimulating the enzyme, ribulose-1 ,5-diphosp.hate carboxylase (RuDPCase, E.C.4.l.l.39) which mediates the carboxylation of RuDP to give 3-phosphoglycerate ( PGA). Another rate-1 imiting enzyme of the reductive pentose phosphate cycle, hexos!= diphosphatase (E.C.,3.1.3.11), seems also to be stimulated.
The ratio of ATP/ADP under conditions of photosynthesis was only moderately decreased in the presence of Antimyci.n A, perhaps accounting in part ~or an observed increase in accumulation of PGA as compared with dihydr~xyacetone phosphate (DHAP).
MATERIALS AND METHODS
.Chloroplasts were is<;>lated from spinach .)eaves., and the rate of . 14 co 2 fixation w·as determined as previously described, with the ·excep-tion that unless noted, isoascorbate was omitted from all solutions {12).
Analysis of the 14 c and 32 P....,labeled products of photosynthesis by twodimensional chromatography and. radioautography;.was carri·ed out as
....... .
-5-described earlier (13). Estimation of the distribution of n~tabolites bet\oJeen the chloroplasts and the surrounding medium was also carried out as previously describ~d (14) .
Chlorophyll was determined by the method of Arnon (15).
Antimycin A was obtained from Sigma Chemical Co. and dissolved in absolute ethanol. The total concentration of ethanol was kept at 1% or less-;· and~ unless indicated, all controls contained 1% ethanol.
RESULTS.
·In the earlier reports of the Antimycin A stimulation of co 2 fixation · \'lith chloroplasts, the control rates were generally low--10 to 35 ~moles dependably gave stimulations of from 50 to 150% of the control rate.
A typical result is given in Figure l . This experiment was performed with no preincubation and an argon gas phase. Addition of Antimycin A to chloroplasts after the usual light, air, preincubation and 2 to 5 min
photosynthesis in the presence of bicarbonate generally gave little or no stimulation. Moreover, the inclusion of 10 mM isoascorbate, usually a standard component of the incubation mixture for chloroplasts (13), a 1 so prevented the stimulatory response to Antimyc.i n A, even if the antibiotic were initially present. Unless noted, therefore., isoascorbate was routinely omitted from the reaction mixture. • . Table I . There appear to be no significant changes in movement of metabolites into the medium in response to Antimycin A.
Because Antiniycin A has frequently been demonstrated to uncouple due only to the increased demand for ATP compared to its rate of synthesis. This may also account~for the drop in ATP observed upon the addition 6f Antimycin A to photosynthesizing €hloroplasts {Fig. 14).
It was also fourid that the stimulation of co 2 fixation by Antin~cin A is highly sensitiv~ to the concentration of added Mg++ (Fig. 15) reactions are the rate-limiting steps in C0 2 fixation~ vivo'(l3, [18] [19] [20] [21] and are the steps inactivated in the dark and metabolically controlled in the 1 i ght.
It has been proposed that pH in the chloroplast stroma region, together with Mg++ ion levels, may affect the activities of thes~ The 10\AJer level of ATP in the presence of Antimycin A, whatever its reason, .could be partly responsible for the accumulation of PGA.
-12-. The abolition of some of the stimulation of C0 2 fixati,on by -Antimycin A by higher levels of Mg++ ions in the medium could be due to a ++ variety of reasons including effects of Mg on movement of metabolites ( ) H fi~om the chloroplasts to the medium 16 and the known effects of Mg ion on the activityofRuDP carboxylase (22, 23 •.
' -22- MiN.
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